Wetlands, which are known as the most biologically diverse of all ecosystems serving as home to a wide range of plant and animal life, play a number of roles in the environment like feeding downstream waters, trapping fl ood waters, recharging groundwater supplies, removing pollution, providing fi sh and wildlife habitat, providing water purifi cation, fl ood control, and shoreline stability (Keddy 2010). Wetlands, which are part of the foundation of water resources of the world and vital to the health of waterways and communities, can also be considered as economic drivers because of their key role in fi shing, hunting, agriculture and recreation (www.ramsar.org, water.epa.gov/type/wetlands/).
species migrating between Europe and Africa. Gala Lake is under an anthropogenic pressure originated from agricultural activities and industrial discharges by means of Ergene River (Kantarcı 1989 , Yarar and Magnin 1997 , Elipek et al. 2010 , Güher et al. 2011 . Especially rice agriculture conducted around the Gala Lake is a rather dense and about 25% of total rice production of Turkey is being supplied from this plain. Gala Lake is being used for irrigation of paddy fi elds and then irrigation water of paddy fi elds is being discharged to Gala Lake through mainly Irrigation Canal. Ergene River, which is known as a dramatically contaminated lotic ecosystem, is one of the most important branches of Meriç River and transports this pollution to Gala Lake (Edirne 2005 , Tokatlı et al. 2014a , Tokatlı and Baştatlı 2016 .
Toxic metals, which have hazardous effects on the ecological balance of environment, are the signifi cant contaminants for the aquatic ecosystems. Signifi cant quantities of toxic metals, which can be strongly accumulated, and biomagnifi ed along water, sediment and aquatic food chain, are being discharged to the aquatic ecosystems in every day (Massoudieh et al. 2010 , Yu et al. 2011 ). It has been well documented and clearly known that sediment may act as a sink of various contaminants and pose a signifi cant risk to water quality through complicated biogeochemical exchanges. Consequently, the investigation of sediment quality is an essential and prime component of aquatic ecosystem assessment studies (Jones et al. 2001 , Xu et al. 2004 , Vosyliene and Jankaite 2006 , Farombi et al. 2007 ).
Many indices have been developed to evaluate the environmental risks of toxic elements in surface sediments and they are widely used to evaluate the sediment quality (Smal et al. 2015 , Borowiak et al. 2016 . Potential Ecological Risk Index (RI) and Biological Risk Index based sediment quality guidelines (mERM-Q) are two of the most widely used sediment indices used to evaluate the environmental risks (Çiçek et al. 2013) . Multivariate statistical techniques have also been used to assess the freshwater ecosystems in especially recent years. Pearson Correlation Index (PCI) that is a measure of the degree of linear dependence between two variables and Factor Analysis (FA) that is being used to determine the effective factors on the environment are quite powerful and most widely used statistical techniques to evaluate the aquatic conditions (Tokatlı 2014 , Tokatlı et al. 2014b , Köse et al. 2014 . Geographic Information System (GIS) that is known to be designed to capture, store, manipulate, analyze, manage, and present all types of spatial, geographical or environmental data provides visual summaries of investigated data to make them easy to evaluate in especially environmental assessment studies (Maliene et al. 2011 , Tokatlı et al. 2014a ).
The aim of this study was to evaluate the sediment quality of Gala Lake and Irrigation Canal from a bio -ecological and statistical perspective by using some mono (Pearson Correlation Index) and multi (Factor Analysis) statistical techniques and some bio -ecological risk indices (Potential Ecological Risk Index and Biological Risk Index) and present the investigated parameters visually by using GIS based maps. When the location of the study area and the anthropogenic pressure on the system were considered, it can be clearly understood that the investigation of sediment quality and determining toxic element concentrations in sediment of Gala Lake National Park have a vital importance for ecosystem and human health.
Materials and Methods
Study area and collection of samples Gala Lake is located between the Ipsala and Enez Districts of in Edirne City in Turkey, where Meriç River flows to Aegean Sea. It is located between the coordinates of 40°46ʹ11.37ʺ North and 26°11ʹ14.87ʺ (DSİ 1986) .
The samples were collected in autumn season of 2013 from 20 selected stations (11 of them on the lake and 9 of them on the canal). The selected stations on Gala Lake and Irrigation Canal that connects Meriç River to the lake are given in Figure 1 -2 and coordinates of the selected stations are given in Table 1 . All the lotic and lentic stations on the study area have been selected on This station was also located on the connection side of the temporary wetland part of Gala Lake the basis of point and non -point pollution sources, littoral and sublittoral parts of the lake and they are thought to refl ect the contamination levels of the investigated wetland ecosystem best. The sediment samples were collected with an average of three times from each stations both from the canal and the lake by using sediment dipper and Ekman grab taking small portions from the center of the dipper and grab with a polyethylene spoon to avoid contamination by metallic parts of the grab.
Chemical analysis, statistical analysis and GIS maps Sediment samples were dried for 3 h at 105°C for element analyses. Then, all sediment samples were placed (0.25 g of each sample) in Pyrex reactors of a CEM Mars Xpress 5 microwave digestion unit. HClO 4 :HNO 3 acids of 1:3 proportions were inserted in the reactors respectively. Samples were mineralized at 200°C for thirty minutes. Afterwards, the samples were fi ltered in such a way as to make their volumes to 100 ml with ultra-pure distilled water.
Inductively Coupled Plasma -Optic Emission Spectrophotometric method was used to determine the toxic element accumulations of sediment samples by using a Varian 720 ES ICP -OES Device in an accredited laboratory (Applied Environmental Research Centre Laboratory of Anadolu University). All the investigated toxic element analyses were recorded as averages of triplicate measurements (EPA 1998 , EPA 2001 . The wavelengths used for toxic element analyses in ICP -OES were given in Table 2 . Pearson Correlation Index (PCI) and Factor Analysis (FA) were applied to the results by using the "SPSS 17" package program. The GIS based distribution maps of parameters were made by using the "ArcGIS" package program.
Sediment quality indices Potential ecological risk index (R I )
The potential ecological risk index was developed to evaluate the ecological risks in order to control the aquatic pollution. The methodology is based on the assumption that the sensitivity of the aquatic system depends on its productivity. According to the toxicity of heavy metals and the response of the environment, it was introduced to evaluate the degree of toxic metal pollution in sediments. The potential ecological risk index (R I ) can be calculated with the following formula (Hakanson 1980); Where "R I " is calculated as the sum of all risk factors for heavy metals in sediments, "E i r " is the monomial potential ecological risk factor, "T i r " is the toxic response factor for a given substance (Table 3 ), "C i f " is the contamination factor, "C i 0 " is the concentration of metals in the sediment and "C i n " is a reference value for metals (Table 3 ). The scale of "R I " was given in Table 4 .
Biological risk index (mERM-Q)
The sediment quality guidelines (SQGs) were developed from biological toxicity tests of the aquatic benthic environment and classifi ed into three levels by ERL (effect range low) and ERM (effect range medium) as rarely (<ERL), occasionally (ERL -ERM) and frequently (>ERM) associated with adverse biological effects (EPA 2005) . A mean ERM quotient (mERM-Q) is developed for evaluating the potential effects of multiple toxic metal contaminations in sediments. The biological risk index (mERM-Q) can be calculated with the following formula (Long et al. 2005) ;
Where "mERM-Q" is the effect range median quotient of multiple metal contaminations, "Ci" is the total content of selected metal, "ERMi" is the ERM value of selected metal (Table 3) and ''n'' is the number of selected metals. The scale of "mERM-Q" was given in Table 4 .
Results

Element accumulations in sediment
Results of the investigations on toxic metal levels with minimum, maximum and mean values in sediment of Gala Lake and Irrigation Canal are given in Table 5 -6 and GIS based distribution maps of toxic metal levels in sediment of Gala Lake are given in Figure 3 -4.
Statistical analysis
The relations between toxic metal levels in sediment of Gala Lake and Irrigation Canal were determined by using Pearson Correlation Index (PCI) and in order to increase the reliability of PCI, all the recorded data from the lake and the canal was used together (n = 20 for all parameters). Results of PCI and all the detected PCI coeffi cients are given in Table 7 . Factor Analyses (FA) were used to determine the effective varifactors on the system by using correlated variables. Uncorrelated variables were removed to increase the reliability of FA and a total of seven variables (Cu, Zn, As, B, Cr, Ni and Pb) were used to detect the varifactors (n = 20 for all parameters). Eigenvalues higher than one were taken as criterion for assess the principal components that required to explain the sources of variance in the data. According to rotated cumulative percentage variance, two factors explained 86.6% of the total variance (Table 8) .
The parameter loadings (> 0.5) for two components (after rotation) and component plot in rotated space that shows the related variables of two factors are given in Figure 5 .
First factor (F1) named as "Agricultural Factor" explained 48.8% of the total variance, and it was related to the variables of Pb, Zn, Cu and As parameters. All parameters were "strong positively" loaded with this factor. Second factor (F2) named as "Industrial Factor" explained 37.8% of the total variance, and it was related to the variables of Ni, Cr and B parameters. All parameters were "strong positively" loaded with this factor.
Bioecological risk indices
The potential ecological risk indices monomial (E i r ) and multinomial (R I ) and biological risk indices monomial (ERM-Qi) and multinomial (mERM-Q) for each station selected on the Gala Lake and Irrigation Canal were identifi ed and all the results are given in Table 9 . E i r is the monomial and R I is the multinomial heavy metal potential ecological risk indices; ERM-Qi is the monomial and mERM-Q is the multinomial biological risk indices;
Bold types indicate the sample sites with moderate ecological risks for "potential ecological risk index" and high--medium and high priority sides for "biological risk index"
According to the results of monomial potential ecological risk indices (E i r ), cadmium posed moderate ecological risk at G10 station on the Gala Lake and at C6, C8 and C9 stations on the Irrigation Canal. The potential ecological risk indices for monomial regulators indicted that the intensity of the investigated toxic metals can be followed as Cd > Ni > Cr > Pb > Cu > Zn > As.
According to the results of multinomial potential ecological risk indices (R I ), all the investigated stations exhibited low ecological risk. The potential ecological risk indices for multinomial regulators indicted that the ecological risks of the system can be sorted as Irrigation Canal > Gala Lake (Figure 6 ). Bold types indicate the sample sites with moderate ecological risks for "potential ecological risk index" and high-medium and high priority sides for "biological risk index" 44
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According to the results of monomial biological risk indices (ERM-Qi), zinc posed medium -low priority side at almost all stations on the system. Lead posed medium -low priority side at G2, G4, G6, G7 and G10 stations on the Gala Lake and at C6, C7, C8 and C9 stations on the Irrigation Canal. Chromium posed high -medium priority side at G4, G6 and G7 stations on the Gala Lake and at almost all stations on the Irrigation Canal. Nickel posed high -medium priority side at almost all stations on the system and posed high priority side at C6 and C7 on the Irrigation Canal. The biological risk indices for monomial regulators indicted that the intensity of the investigated toxic metals can be followed as Ni > Cr > Zn > Pb > Cd > Cu > As.
According to the results of multinomial biological risk indices (mERM-Q), all the investigated stations on the system except G8 station on Gala Lake and C6 and C7 stations on the Irrigation Canal exhibited medium -low priority side. G8 station on Gala Lake exhibited low priority side and C6 and C7 stations on Irrigation Canal exhibited high -medium priority side. The biological risk indices for multinomial regulators indicted that the biological risks of the system can be sorted as Irrigation Canal > Gala Lake (Figure 7 ).
Discussion
Use of pesticides in agricultural applications contains signifi cant quantities of lead and arsenic and it is known that hunting activities, which is intensively being conducted on Gala Lake because of signifi cant presence of birds, have a signifi cant effect on the lead contamination in the environment (one shot contains 32 gr lead) (ATSDR 2005a , ATSDR 2007 . Also fertilizers being used in especially paddy fi elds have a signifi cant impact on zinc and copper transition to the soil and sediment (ATSDR 2004 , ATSDR 2005b . Cadmium that is another agricultural origin toxic metal can easily emitted to soil and water by application of phosphate fertilizers, which are known to be intensively used in the region, and also can accumulate in aquatic organisms and agricultural In the present study, arsenic, lead, zinc and copper elements were found to be as the signifi cant components of "Agricultural Factor" with strong parameter loadings. Also according to the results of Potential Ecological Risk Index, cadmium that binds strongly to organic matter and be taken up by plant life and can be included to the food chain was found to be the most risky element in the region. Köleli and Kantar (2005) investigated the cadmium contents of different fertilizer samples taken from different fertilizer factories in Turkey and they reported that the cadmium contents of many fertilizers used in Turkey were found to be over the limit values notifi ed for fertilizers. Phosphate rock that is the main ingredient of phosphate fertilizers is being imported to Turkey. Cadmium content of these raw material compounds both imported and produced in Turkey are much more than it should be. As a result of using these phosphate fertilizers in agricultural applications unconsciously, especially phosphate rock compounds accumulated on the land surface are being moved to streams, rivers and lakes ).
There are lots of agricultural lands around the Gala Lake National Park and the results of the present study indicate that this globally important wetland ecosystem is intensively under effect of agricultural activities conducted unconsciously around the lake. Nickel is a hard, silvery -white metal and has properties that make it very desirable for combining with other metals and one of the signifi cant metals that nickel can be alloyed with is chromium. They occur naturally in the Earth's crust and they may enter to the environment a result of natural processes and mostly by human activities. The most signifi cant anthropogenic point sources of chromium and nickel in surface waters and sediments are the wastewater from electroplating operations, leather tanning industries and textile manufacturing, which are all located on Ergene River Basin (ATSDR 2000 , ATSDR 2005c . In the present study, chromium and nickel elements were found to be as the signifi cant components of "Industrial Factor" with strong parameter loadings. Also according to the results of Biological Risk Index, chromium and nickel that can attach strongly to the soil and sediment were found to be the most risky elements in the region. In a study performed in a signifi cant chromium mine basin in Turkey, Tokatli et al (2014) reported that chromium and nickel concentrations in biotic and abiotic components of Emet Stream Basin were found to be at extremely high levels and exceed the national and international limit values. In the present study, some recorded chromium and nickel data detected in sediment of Gala Lake on especially input stations of the canal to the lake (G6 and G7 stations) were signifi cantly higher than the recorded values in sediment of Emet Stream Basin. These results indicate that although the system has an indirect connection with Ergene River through Meriç River, Gala Lake National Park is dramatically being affected by the industrial contamination.
In order to provide visual explanations of investigated toxic metal distributions on Gala Lake, Geographic Information System (GIS) technology was applied to detected data. According to the results of toxic element distribution maps, mainly chromium and nickel contents that are known to have an industrial origin, almost all the investigated toxic metal accumulation levels in sediment samples of Gala Lake were signifi cantly found to be at very high levels on the input stations of the canal to the lake (G6 and G7 stations), which are the connection ways of Ergene River to the system through Meriç River by means of Irrigation Canal. It was also determined that almost all the investigated toxic metal accumulations were signifi cantly found to be at low levels on the output station of the lake to the canal (G11 station). Therefore it can be concluded that Irrigation Canal has left a large part of toxic metal contents to Gala Lake. In a study performed in Kütahya Province of Turkey, toxic metal accumulations in Felent Stream Basin were investigated. According to detected data, Enne Lake that is located on the Felent Stream Basin was found to be a signifi cant barrier for the downstream of the system in terms of toxic metal contamination levels . In another study performed in Porsuk Stream Basin, it was determined that Porsuk Lake, which is located on the basin, has an important cleaning capacity in terms of toxic element accumulations and sediment quality of Porsuk Stream is getting better signifi cantly after the output of Porsuk Lake (Köse et al. 2015) . Similar to these studies, Gala Lake was found to be a barrier for the downside of the system in terms of almost all the investigated toxic metals and it has a signifi cant cleaning capacity from the entrance to exit points of the canal in the lake.
Signifi cant correlations between specifi c toxic metals may refl ect similar levels of contamination in the sediments or release from the same sources of pollution (Håkanson and Jansson 1983, Li et al. 2009 ). In the present study, signifi cant relations were recorded among almost all the investigated parameters. It was also known that according to loading values in Factor Analysis, Liu et al. (2003) classifi ed the factor loadings as "strong (> 0.75)", "moderate (0.75-0.50)" and "weak (0.50-0.30)". In the present study, two factors explained the vast majority of the total variance (86.6%) with only strong positively loadings with these two factors. These statistical results may refl ect that the contamination sources of this aquatic ecosystem do not pose signifi cant diversity and in a macroscopic point of view, Ergene River may be considered as the "major point pollution source" of the system and the agricultural applications may be considered as "major non -point pollution source" of the system.
Conclusions
In the present study, some statistical techniques, bio -ecological risk indices and GIS technology were used to evaluate the sediment quality of a signifi cant aquatic ecosystem in Thrace Region of Turkey. According to the results of Factor Analysis, two statistically effective factors named as "Agricultural Factor" and "Industrial Factor" on sediment quality of the system were identifi ed by using a large number of inorganic sediment quality data. According to the results of Potential Ecological Risk Index, cadmium was found to be the highest risk factor for the system. And it posed a "moderate risk" at 9.09% of the Gala Lake and 33.3% of the Irrigation Canal. According to results of Biological Risk Index, nickel and chromium were found to be the highest risk factors for the system. And chromium posed a "high -medium priority" at 27.2% of the Gala Lake and 88.8% of the Irrigation Canal; nickel posed a "high -medium priority" at 81.8% of the Gala Lake and 66.6% of the Irrigation Canal and it posed a "high priority" at 22.2% of the Irrigation Canal. According to the results of GIS distribution maps, almost all the investigated toxic metal accumulations, mainly the industry originated ones were detected at signifi cantly higher levels on the input stations of Irrigation Canal to Gala Lake than detected on the output station of the lake to the canal.
The data of the present study clearly reveals that agricultural runoff caused from intensive pesticide and fertilizer applications and industrial runoff caused from Ergene River were the main pollution sources for the system. Also the present study clearly presents the necessity and availability of the statistical techniques, bio-ecological risk indices and GIS technology on freshwater sediment quality assessment studies.
In accordance with the obtained data of the present study, in order to protect the sustainability of this globally important wetland;
-Monoculture practices in agricultural activities conducted around the region should be changed, and the farmers should be informed about the environment. Also the local people should be encouraged to polyculture practices by applying some legal sanctions if necessary, -Use of unconscious chemical fertilizers and pesticides in agricultural activities should be avoided by giving the necessary training and environmental awareness for local people, -Discharges of the industrial wastewater without any treatment to the system from the industrial areas located especially on Ergene River Basin must be prevented, -Discharges of the municipal sewage without any treatment to the system from the settlement areas must be prevented, and rainwater -sewage water outlets should be designed separately and not to exceed the volume of the septic treatment plant even in a heavy rainfall, -Water quality of the wetland should be monitored in a short -term period in order to determine the instantaneous discharges, and sediment quality of the wetland and the toxic metal bioaccumulations in biotic components of the wetland should be monitored in a long -term period in order to determine the long -term effects on the system.
